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Vietnam is exposed to different types of floods that cause severe economic
losses, damage to infrastructure, and loss of life. Reliable information on the
drivers, patterns and dynamics of flood risk is crucial for the identification, pri-
oritization and planning of risk reduction and adaptation measures. Here, we
present a systematic review of existing flood risk assessments in Vietnam. We
evaluate the current status, persisting gaps, and challenges regarding the
understanding and assessment of flood risk in the country. The literature
review revealed that: (i) 65 % of the reviewed papers did not provide a clear
definition of flood risk, (ii) assessments had a tendency to prioritize physical
and environmental drivers of risk over social, economic or governance-related
drivers, (iii) future-oriented assessments tended to focus on hazard and expo-
sure trends, while vulnerability scenarios were often lacking, (iv) large and
middle-sized cities were assessed more frequently than others, (v) only few
studies engaged with relevant local stakeholders for the assessment of risk and
the development of potential solutions, and (vi) ecosystem-based adaptation
and flood risk insurance solutions were rarely considered. Based on these find-
ings, we point out several directions for future research on flood risk in
Vietnam.
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1 | INTRODUCTION
Globally, nearly 70 million people are exposed to flood
risk each year (UNDRR, 2011). A recent global
assessment of river flood vulnerability in the last 50 years
revealed both decreasing and increasing trends in river
flood risk, indicating a spatial distribution of flood haz-
ards, exposure and vulnerability among different
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geographies (Tanoue, Hirabayashi, & Ikeuchi, 2016). The
most recent report of the Intergovernmental Panel on
Climate Change (IPCC) concludes with very high confi-
dence that ‘risk related to sea-level rise (including ero-
sion, flooding and salinization) is expected to
significantly increase by the end of this century along all
low-lying coasts in the absence of major additional adap-
tation efforts’ (IPCC, 2019, p 56). While the link between
climate change and flooding was still weakly established
in 2014 when the fifth Assessment Report of the IPCC
was published (IPCC, 2014), recent climate models have
revealed that future changes in rainfall patterns will lead
to increasing flood risk worldwide, but notably in areas
around big cities (Dottori et al., 2018; Willner, Otto, &
Levermann, 2018). In addition, a recent study that used
revised coastal elevation data found that the amount of
people threatened by projected sea-level rise and coastal
flooding in 2100 might be three times higher than previ-
ous estimates (Kulp & Strauss, 2019).
Flooding is not only a global concern, but also one of
the main hazards in Vietnam that frequently causes
severe economic losses and casualties (Luu, Meding, &
Mojtahedi, 2019). The country has a long coastline of
3,200 km coupled with highly concentrated populations
and economic assets located at river deltas and other low-
lying areas, exposing these areas to multiple hazards such
as sea-level rise (SLR), storm surges, typhoons, and
flooding (Bangalore, Smith, & Veldkamp, 2017). It was
estimated that as of 2010 about 930,000 people in the
country are exposed to flood risk, with total annual losses
to flooding of approximately 2.6 billion USD (World
Bank, 2018). The country is also exposed to many differ-
ent types of floods such as fluvial floods (river floods),
flash floods, pluvial floods (surface flood occurring in
urban areas) and coastal floods caused by tides, typhoons
and storm surges. In the south of Vietnam, river flooding
is most prevalent: driven by a slow rising and falling of
water levels in the rivers, tidal influence, or sometimes a
combination of both (An & Kumar, 2017; Triet, Viet
Dung, Merz, & Apel, 2018). In Central Vietnam, river
floods with high flow intensity and rapidly rising water
levels following torrential rains can be disastrous (Casse,
Milhøj, & Nguyen, 2015). The mountainous areas in the
Northwest and Northeast of Vietnam are located in a
tropical cyclone zone, exposing them to extreme rainfall
events together with typhoons, which often leads to
destructive flash floods as well as accompanying land-
slides (Tien et al., 2019; Tien, Tsangaratos, Thao, Dat, &
Thai, 2019). With the acceleration of urbanisation since
Doi Moi (social, economic, and political renovation
starting in 1986), flood risk has increased in urban areas
(Huong & Pathirana, 2013). This trend is aggravated by
population growth, economic development and the
associated expansion of buildings and infrastructure into
flood-prone areas (Huong & Pathirana, 2013; Storch &
Downes, 2011; Sudmeier-Rieux et al., 2015). During the
period 2012–2015, several major floods occurred in Viet-
namese cities, notably in Hanoi, Quang Ninh, Da Nang,
Can Tho, and Ho Chi Minh City (ISET, 2016). The com-
bined effects of heavy rainfall, typhoons, tides and SLR
are projected to lead to a greater flood risk in urban areas
in Vietnam (ISET, 2016).
The traditional perspective on flood hazard assess-
ment considers floods as purely natural phenomena
while the role of flood management is to reduce the prob-
ability and consequences of the event (Merz et al., 2014).
This hazard-focused view of flooding is strongly based on
the hydrologic/hydraulic characteristics of the river sys-
tems and basins (Merz et al., 2014). Today, it is well
recognised that flood risk is characterised by both natural
and societal elements rather than solely the former
(IPCC, 2014). There have been several risk and vulnera-
bility definitions developed over the last decades. The
definition of risk as a combination of hazard and vulnera-
bility was initially recognised by Blaikie, Cannon, Davis,
and Wisner (1994), who defined risk as a product of both
hazards as well as the political and socio-economic condi-
tions that make people or places vulnerable. This
approach has since been widely adopted by several
scholars (Birkmann, 2006; Birkmann et al., 2013; Turner
II et al., 2003, among others). The IPCC SREX report in
2012 defined risk as a function of the hazard (composed
of probability, intensity, duration and extent), the sys-
tems or population exposed to the hazard, and the vul-
nerability of these systems, including concepts such as
susceptibility, sensitivity to harm, and the lack of capacity
to cope (IPCC, 2012). The vulnerability and risk perspec-
tives underscore the linkages between hazards and soci-
ety and usually involve the consideration of the root
causes and spatio-temporal dynamics of risk (Jurgilevich,
Räsänen, Groundstroem, & Juhola, 2017). In the litera-
ture, there is also a call for exploring the root causes of
changes in all risk elements for better flood risk projec-
tion and management (Binh, Umamahesh, &
Rathnam, 2019; Merz et al., 2014). Especially in urban
contexts, the risk-based perspective is vital for urban
water management as the intersection of natural pro-
cesses with various social-economic activities amplifies
flood risk, which requires a comprehensive assessment of
various sectors (including underground infrastructures)
and risk aspects (Habitat III, 2017; Lyu, Shen, Zhou, &
Yang, 2019).
Currently, both hazard and vulnerability or risk-based
approaches have been applied in flood risk assessments
in Vietnam, and a variety of methods have been applied
spanning these perspectives. Despite the heavy losses and
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damage caused by floods, information and data on the
development of solutions to flood risk reduction and
adaptation remain insufficient (Chinh, Bubeck, Dung, &
Kreibich, 2016). The lack of effective solutions in Viet-
nam is partly hampered by institutional factors, for exam-
ple, challenges in the implementation of decentralisation
of flood risk management due to local capacities and
resources (Garschagen, 2016; Huynh & Stringer, 2018), or
a lack of stakeholder participation in the planning and
implementation of potential risk reduction and adapta-
tion options (Huu, 2011). In addition, a synthesis of exis-
ting information on flood risk patterns and root causes or
drivers of flood risks across various contexts in Vietnam
has not been undertaken so far. However, flood risk man-
agement is currently one of the main objectives
highlighted in national-level policies, such as the
National Strategy for Natural Disaster Prevention,
Response, Mitigation until 2020 (GoV, 2007), the
National Target Program to Respond to Climate Change
(GoV, 2008), the National Climate Change Strategy
(GoV, 2011) and the National Action Plan on Climate
Change (GoV, 2012a), as well as the Law on Natural
Disaster Prevention and Control (GoV, 2013), among
others. Furthermore, province-level authorities are also
obligated to develop and implement local action plans to
respond to climate change (GoV, 2008). Accordingly,
information on risk assessment and management, as well
as drivers and solutions to flood risks, is vital to inform
flood risk reduction and adaptation planning in the
country.
Against this background, we conducted a systematic
search, review, and synthesis of the scientific literature
on flood risk assessments carried out in Vietnam. We
explored the main methodological approaches and
persisting gaps to provide insights into future directions
for flood risk research and implications for improved
flood risk management in the country. The paper iden-
tifies which concepts and approaches are being applied
in flood risk assessment in Vietnam, and how respective
discrepancies, for example rural and urban contexts,
influence assessment approaches and outcomes. The
results of the review also provide useful information for
flood risk management and adaptation, especially on the
drivers of flood risks in Vietnam and the potential role of
ecosystem-based solutions.
2 | METHODOLOGY
2.1 | Systematic literature review
Our analyses are based on a systematic search and review
of scientific articles on flood risk assessment in Vietnam
listed in SCOPUS and WOS (Web of Science) since 1950.
After an initial search to explore the variability and depth
of the research topic, we constructed a set of search terms
in order to cover as many papers about flood risk assess-
ments in the country as possible. The first part of the sea-
rch terms covered the main research topic ‘flood’ and the
geographical location ‘Vietnam’. The second part of the
search terms contained combinations of ‘assessment
words’, such as ‘risk, vulnerab*, resil*’, and so forth, to
specifically capture studies on flood vulnerability and risk
assessment (Table 1).
After the definition and construction of the search
terms and criteria, the search for relevant papers in
SCOPUS and WOS was conducted in September 2019.
The abstracts were subsequently screened to identify the
relevant papers on the research topic (Table 2).
TABLE 1 Search terms, inclusion and exclusion criteria used
to identify studies to be considered for this review
Database Search terms
Web of science (topic) TS = (flood Vietnam) AND TS = (risk
OR vulnerab* OR resil* OR suscept*




Flood Vietnam AND (risk OR
vulnerab* OR resil* OR suscept* OR
sensitiv* OR expos* OR cop* OR
adapt*)
Inclusion criteria • Peer-reviewed articles from
January 1950 to September 2019
• English literature
• Articles presenting risk analyses or
part of it such as flood vulnerability
and exposure analysis, either with
a single hazard approach or
together with other events (e.g.,
drought, storms).
• Articles presenting all types of
flood (flash flood, fluvial flood,
coastal flood, pluvial flood)
• Articles analysing flood risk and
developing flood models to cover
both drivers of vulnerability to
flooding and drivers of flood
occurrence/exposure
Exclusion criteria • Review articles, opinion pieces,
non-peer reviewed literature
• Articles not in English
• Papers that solely mentioned risks
related to flood events (e.g., health
issues during a flood, or water
contamination due to flooding)
without presenting an assessment
of risk
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First, two researchers screened the obtained
abstracts independently. Each abstract was either
assigned ‘Yes’ if the paper is relevant, ‘No’ if not, and
‘Perhaps’ if the decision could not be made based on
the abstract alone (according to the inclusion and exclu-
sion criteria in Table 1). If the paper was categorised
differently by the two researchers, it was passed to a third
reviewer. In controversial cases, the final decision was
made by the first author after reading through the whole
paper (Figure 1).
2.2 | Guiding questions and content
analysis
Full papers in the ‘Yes’ list were downloaded, and an in-
depth content analysis was carried out with the software
program MAXQDA (VERBI, Berlin, Germany). The soft-
ware is a tool for qualitative/mixed-method analysis, in
which the text parts of interest have been coded to deter-
mine for example the frequency of certain measures,
topics, and so forth. All relevant papers were imported
into the software program for data management and text
analysis. Coding and content analysis was based on the
following set of guiding questions:
1. How is flood risk conceptualised in studies in Vietnam?
2. Which approaches, methods, and tools are used to
assess vulnerability and flood risk in Vietnam? To
what extent are Vietnamese authors and stakeholders
involved in the assessment process?
3. What is the spatial distribution of existing studies
among urban and rural settings, hinterland (land-
locked areas that are located far away from the coast)
and coastal areas, and among the eight officially clas-
sified geographical regions of Vietnam?
4. What are the main drivers of vulnerability and risk to
flooding in Vietnam, and how are they classified/
characterised? Are there commonalities and differences
regarding the drivers of flood risk in urban and rural
areas? What are the most relevant drivers of risk?
5. Are spatial and/or temporal dimensions of vulnerabil-
ity and risk to flooding considered/assessed? If so, at
what scale? To what extent are scenarios of future
flood risk used? If so, which risk components (hazard,
exposure, vulnerability, or all combined) feature in
these scenarios?
6. Which units/elements at risk (people, buildings or
infrastructure, agricultural land, etc.) are considered
in existing risk assessments?
TABLE 2 Search results in
SCOPUS and Web of Science (WOS)
SCOPUS WOS Total
Searched result 263 256 519
Dropped 2 (repeat) 153 (overlap with SCOPUS) 155
Abstracts reviewed 261 103 364
FIGURE 1 Process and results of the abstract screening. 1. Of 81 papers, 19 papers dropped as review papers, book chapters, conference
papers, papers in other languages (15 papers), or considered irrelevant during the coding process (four papers). 2. Of 115 papers, 80 papers
that were categorised differently were checked by a third reviewer. The whole 115 papers were screened for the final decision. Fifteen papers
were considered relevant and assigned as ‘Yes’. Others were excluded and assigned as ‘No’. 3: No check
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7. Do existing assessments provide recommendations for
flood risk reduction and adaptation? If so, which mea-
sures or solutions are suggested?
8. To what extent are ecosystems and ecosystem services
considered as drivers of flood vulnerability and risk?
Are ecosystem-based measures considered as part of
the solution for flood risk reduction (EcoDRR) and
adaptation (EbA)?
Following different risk definitions in the introduc-
tion section, we classified the risk definition in the
reviewed papers as follows:
1. Risk as a combination of hazard and vulnerability
(risk = hazard x vulnerability, for example, Blaikie
et al. (1994))
2. Vulnerability as a combination of hazard, exposure, and
resilience or adaptive capacity (vulnerability = hazard x
exposure x resilience/adaptive capacity, for example,
IPCC [2007])
3. Risk as a result of interaction between hazard, expo-
sure, and vulnerability (e.g., IPCC, 2014)
4. No risk definition
5. Others (e.g., papers that provided their own risk
definition).
In addition, we classified the reviewed papers into
studies that focused on: (a) hazard, (b) exposure,
(c) vulnerability, or (d) a combination of these risk ele-
ments, and then compared risk assessment perspectives
across contexts to explore if different risk conceptualiza-
tions/perspectives influenced the proposed solutions and
approaches, for example, the applied methods and assess-
ment scales. We further compared the drivers of flood
risk across different geographic locations in Vietnam,
between rural and urban contexts, and between hinter-
land and coastal areas to identify the variations of drivers
between different locations and contexts.
The coding was conducted by two researchers,
whereby the first researcher (first author) developed the
coding scheme in collaboration with the co-authors for
the in-depth content analyses and coded the relevant
publications (n = 77). The coding results were then cross-
checked by a second researcher to reduce bias and errors.
3 | RESULTS AND DISCUSSION
3.1 | Main features of flood risk
assessments
Almost all papers (97%) from the initial search were pub-
lished after 1996, with the exception of two (1976 and
1989). All papers classified as relevant (n = 77) were pub-
lished in 2007 or thereafter. Out of 77 papers reviewed,
47 assessments were first-authored by Vietnamese scien-
tists (based on their first and last names). The remaining
30 papers were first-authored by foreign scientists, of
which 13 papers (43%) were co-authored without Viet-
namese scientists. Out of the reviewed papers, nine
assessments (12%) engaged with local stakeholders in at
least one stage of the assessment process. Of these, only
two studies developed solutions to reduce flood risks in
collaboration with relevant stakeholders (for a list of
reviewed papers, see Appendix 1).
A large number of flood risk assessments were con-
ducted in the Mekong Delta (n = 21, 27%) and at the
South (n = 12, 16%) and North Central Coasts (n = 12,
16%) (Figure 2). These regions typically receive the
highest precipitation (Figure 2) and rank the highest for
flood risk in Vietnam (Luu et al., 2019). Other regions
considered in the reviewed studies include the Southeast
(n = 10, 13%), Northwest (n = 7, 9%), Red River Delta
(n = 6, 8%), and Northeast (n = 2, 3%). The Central High-
land is the only region in Vietnam not considered in any
flood risk study so far. Several assessments (n = 7, 9%)
targeted more than one region or were at the national
scale.
A comparable number of papers conducted assess-
ments in rural (n = 33, 43%) and urban contexts (n = 28,
36%). Other studies (n = 16, 21%) targeted the national
and regional levels, comprising both rural and urban con-
texts, or no setting could be recognised (e.g., papers that
developed and applied hydraulic models). In addition,
most flood risk assessments in the urban context targeted
large and mid-size cities (classified as category I or II by
the Vietnamese government). Ho Chi Minh City is the
most frequently analysed city (n = 10, 13%), followed by
Can Tho (n = 9, 12%) and Hanoi (n = 4, 5%). Ho Chi
Minh City is the largest metropolis in Vietnam and is
considered one of the cities most impacted by flooding
globally (Hallegatte, Green, Nicholls, & Corfee-
Morlot, 2013). Can Tho City in the Mekong Delta is
largely influenced by the floodwater from the Hau River
and tides from the East Sea (Chinh, Dung, Gain, &
Kreibich, 2017). The city has a low topography and does
not have an adequate drainage system and flood protec-
tive structures, leading to urban flooding (Huong &
Pathirana, 2013). In contrast to Ho Chi Minh City and
Can Tho, Hanoi has a system of river dikes to protect the
dense infrastructure and population. Therefore, most
studies on flood risk in Hanoi focused on local inunda-
tion in urban areas due to heavy rainfall. Studies on river
flooding mainly targeted the expanding area outside the
dikes (Hung, Shaw, & Kobayashi, 2007). Table 3 summa-
rises the main features of the reviewed papers and the
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flooding characteristics of the main geographical regions
of Vietnam.
Thirty-six papers (47%) focused on the coastal prov-
inces, while 25 papers (33%) conducted assessments in
the hinterland, and 16 assessments (21%) conducted at
national and regional scales included both hinterland
and coastal settings. Accordingly, all papers carried out
in the South and North Central Coast are classified as
‘coast’ since all provinces in these regions have a border
with the sea, while the studies in mountainous areas of
the Southeast and Southwest are classified as ‘hinter-
land’. Most of the papers at the regional and national
scales are classified as ‘others’ (n = 16, 21%), as they pos-
sess both hinterland and coastal characteristics.
The most common unit of analysis is an administra-
tive area, for example, commune/ward, district or
province (n = 47, 61%), in which the researchers analyse
the vulnerability or flood risk of the entire area. Other
units of analyses include ecosystems, for example, a river
basin or floodplain area (n = 18, 23%), people or house-
holds, for example, health risk, people's perception, casu-
alties (n = 7, 9%), infrastructure such as houses, roads or
dikes (n = 3, 4%), and other units such as governance or
policy systems in the context of flood risk management
(n = 2, 3%).
3.2 | Conceptualization of flood risk
Out of 77 papers reviewed, the majority of studies
(n = 50, 65%) did not define risk specifically, while
10 papers (13%) used their own definition of risk, for
FIGURE 2 Map of different
geographical regions of Vietnam with
the number of reviewed papers and their
natural characteristics (average rainfall
during 2009–2018 and waterways;
rainfall data from GSO, 2019)
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Mekong Delta 21 4/9/8 Type of flood: Fluvial and pluvial
Main rivers: Hau river, Tien river
Tide influence: far inland with an amplitude between 3.5–4.0 m from
the East Sea, and 0.8–1.2 m from the Gulf of Thailand (Tri, 2012;
Tuan, Hoanh, Miller, & Sinh, 2007)
Flooding characteristics: slow rising and receding of river water for
2–6 months, and rapidly between July and November (Chinh
et al., 2016)
Flood control measures: river dikes, drainage, floodwater discharge
canals, and sluice gates (Hoang et al., 2018)
South Central Coast 12 7/3/2 Type of flood: Fluvial
Main rivers: Tra Khuc river, Ve river, vu Gia river, Thu bon river, Da
rang river
Tide influence: diurnal tid range between 0.2–1.5 m, short reach of tidal
influence (Huong, Quy, & Thanh, 2010)
Flooding characteristics: short time of concentration, floodwaters rise
rapidly, widespread flooding (Linh, Tri, Thai, & Cao Don, 2018)
Flood control measures: river and sea dikes, several reservoirs (Nuoc
Trong, Dak Drinh 1, Song Tranh 2, A Vuong, Dak Mi 4, etc.) for flow
control (GoV, 2012a, 2012b)
North Central Coast 12 10/0/2 Type of flood: Fluvial and pluvial
Main rivers: Huong river, Han river, lam river, Gianh river
Tide influence: irregular diurnal tide between 1.2–2.5 m (Hanh and
Furukawa, 2007)
Flooding characteristics: water volume varies greatly year by year,
water quantity during the flood season (October to December)
constitutes 50–80% of the total annual volume (Villegas, 2004)
Flood control measures: river dikes, estuarine and sea dikes, reservoirs
(Cua Dat, Hua Na, Trung Son) and lagoon for flood control
(GoV, 2012a, 2012b)
Southeast 10 0/10/0 Type of flood: Fluvial and pluvial
Main rivers: Sai Gon river, Dong Nai river, Be river
Tide influence: the whole area is influenced by an irregular
semidiurnal tide range between 1.2–2.5 m (Hanh and Furukawa,
2007); the Sai Gon-Dong Nai basin is strongly affected by a daily tidal
regime with high water level amplitude (Lee, Dang, & Tran, 2018)
Flooding characteristics: large variation between seasons, water
discharge during the flood season (mid-June to November) accounts
for 70–80% of the annual volume (Lee et al., 2018)
Flood control measures: River dikes, reservoirs (e.g., Tri An and Dau
Tieng) for flow control
Northwest 7 7/0/0 Type of flood: Flash flood
Main rivers: Da river, ma river, Thao river
Tide influence: None
Flooding characteristics: precipitation concentrated largely in the rainy
season (November to April), flash floods occur together with
landslides (Thao et al., 2018)
Flood control measures: River dikes
Red River Delta 6 2/4/0 Type of flood: Fluvial, pluvial and flash floods
Main river: Day river, Duong river, Thai Binh river, Ninh co river, Tra
Ly river, Ba Lat river, Van Uc river
Tide influence: varies between 0.5–2.5 m, tide influence reaches far
inland (1 m of water level amplitude can be observed 120 km from
the coast) (Minh et al., 2010)
(Continues)
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example, risk as a result of the probability and conse-
quences. There were only seven papers (9%) that defined
vulnerability as a combination of hazard, exposure, and
resilience or adaptive capacity; seven papers (9%) defined
risk as a result of interaction between hazard, exposure
and vulnerability following the latest IPCC definitions;
and three papers (4%) defined risk as an incorporation of
hazard and vulnerability based on the risk concept of
Blaikie et al. (1994). Similar to the findings of a recently
published review of global drought risk assessments
(Hagenlocher et al., 2019), the number of papers that
applied the risk definition of the IPCC (in the SREX
framework or its subsequent fifth Assessment Report)
has increased since their publication in 2012 and 2014,
respectively. However, there is also an increasing trend of
papers that did not specify the risk definition for flood
risk assessments (Figure 3).
Many papers (n = 30, 39%) focused on the analyses of
multiple risk elements such as hazard and exposure, or
hazard and vulnerability. Others only assessed vulnera-
bility to floods (n = 20, 26%), flood hazards (n = 17, 22%),







Flooding characteristics: water volume in the river varies largely
between the dry and wet season (Hansson & Ekenberg, 2002); pluvial
flooding in Hanoi is mainly caused by local rainfall with strong
seasonal variation (Luo et al., 2018)
Flood control measures: river and sea dikes, reservoirs (Hoa Binh, Son
La, etc.) for flow control, pumping stations for water drainage, and
sluice gates (Quang et al., 2019)
Northeast 2 1/0/1 Type of flood: Flash flood
Main river: Chay river, lo river, gam river, Cau river, Thuong river,
bang river, Bac Giang river, Ky Cung river
Tide influence: None
Flooding characteristics: flood waters rise rapidly, peak discharge after
1–2 days of torrential rains (JICA, 2003)
Flood control measures: River dikes
National level or more
than one region
7 1/2/4 Type of flood: Mainly fluvial or not specified
FIGURE 3 Conceptualization of flood risk in the reviewed publications (n = 77)
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(n = 5, 7%) that mentioned risk or vulnerability assess-
ment in the title performed only hazard and exposure
analyses without actually considering the drivers or
patterns of vulnerability.
3.3 | Approaches and methods used
The majority of papers (n = 64, 83%) applied quantitative
assessment approaches, for example, modelling, statistics,
and GIS-based analyses, or a combination of these. Only
seven papers (9%) applied purely qualitative assessment
methods, such as narratives, storylines or historical ana-
lyses. Six papers (8%) used mixed-methods approaches
that integrated quantitative and qualitative methods.
Several papers (n = 23, 30%) used a combination of
methods, for example, modelling (including hydrological
models and modelling approaches using socio-economic
data, that is, from a household survey, or a combination
of the two such as hydrological simulations, flood
damage models or models based on downscaled climate
projections, etc.) and GIS, GIS and statistical analyses, or
mixed-methods approaches including expert interviews,
focus group discussions (FGDs), surveys, and so forth.
Twenty-two papers (29%) applied modelling as the sole
method. Nineteen papers (25%) used statistical methods
such as regression analysis, descriptive statistics, compos-
ite risk indices, and so forth. Seven papers (9%) used
qualitative analyses such as descriptive, narrative, and
storylines. Five papers (7%) employed GIS as the main
approach in flood risk assessment. However, GIS was
usually applied together with modelling (n = 17, 22%) to
assess flood risk and therefore was classified as combined
methods in the review (Figure 4).
The majority of the papers analysed flood risk at the
local level, for example, the research areas were located
within one district or province (n = 54, 70%), and the
regional level (n = 17, 22%) such as at the basin scale or
in more than one province. Only six papers (8%) per-
formed flood risk assessments at the national level, or the
comparative analyses were carried out in more than one
geographical region of Vietnam. Many papers (n = 43,
56%) assessed flood risk for present-day conditions or did
not specify the temporal dimension (a snapshot analysis).
Others considered dynamic trends in flood risk assess-
ments, such as future flood risk scenarios or analyses of
historical flood risk based on surveys of people's percep-
tion, loss and damage, or flood mark measurement for
previous flood depth and duration (n = 34, 44%). Among
the papers that assessed flood risk in Vietnam, only
36 papers (47%) considered future flood risk in their
assessments. When future projections of flood risk or sce-
narios were supposed to be undertaken, a large number
of these papers focused either only on the hazard
(n = 16, 44%), exposure (n = 8, 22%), or a combined anal-
ysis of hazard, exposure or vulnerability (n = 8, 22%).
Future vulnerability to flooding was assessed at a lower
frequency (n = 4, 11%). These assessments of future flood
risk had either no time frame (n = 26, 72%), or multiple
time frames such as risk analyses for both 2050 and 2,100
(n = 6, 17%). Others addressed the period between 2050
and 2,100 (n = 4, 11%), and only one developed scenarios
for 2050 (n = 1, 3%). All of the future-oriented assess-
ments of vulnerability were published recently (i.e., in
2014 or thereafter). A lack of future vulnerability scenar-
ios in risk assessments has been acknowledged by other
authors, that is, due to the lack of socio-economic data
for future vulnerability projections and the difficulties
in measuring the complex and abstract phenomenon
of social vulnerability in a highly dynamic context such
as Vietnam (Garschagen & Kraas, 2010; Jurgilevich
et al., 2017).
FIGURE 4 Risk assessment approaches and methods in the reviewed publications (n = 77)
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3.4 | Drivers of flood risk
Of the reviewed papers, 68 assessments (88%) mentioned
drivers of flooding, for example, in the description of
research sites, or analysed the drivers of flood risk in the
vulnerability or risk assessment. We restricted our review
to drivers at the scale of the paper's analysis, for example,
the drivers of flood risks within the specific case studies
and excluded general drivers at the higher level, for
example, those usually named in the introduction with-
out further analyses. For the drivers that were men-
tioned, rainfall was most frequently considered the main
cause of flooding (29 times). Other drivers included the
tide (17 times), increases in water discharge and river
flow (17 times), climate change (CC) and SLR (12 times),
storm surges, typhoons and cyclones (11 times). Besides
these physical drivers, a decline in buffer capacity, for
example, due to surface area sealing and degradation of
wetland area (8 times), urbanisation (7 times), and opera-
tion of dams and reservoirs (5 times), were usually
named as the human-related drivers of flood risk and vul-
nerability (Table 4). Physical conditions of the researched
areas were analysed most frequently (19 times) as the fac-
tors that characterise flood risk elements, followed by
TABLE 4 Main features and classification of drivers of flood risk in the reviewed papers
Drivers of flood












110 (83/27) Rainfall related issues—45 times (29/16) H
Physical and environmental characteristics of the
researched areas—19 times (0/19)
H, E
Tide—19 times (17/2) H, E
Increases in water discharge and river flow - 17 times (17/0) H
CC and SLR - 15 times (12/3) H, E
Storm surges, typhoons and cyclones—11 times (11/0) H
Low elevation or steep topography—10 times (10/0) E
Decline of buffer capacity—9 times (8/1) H, V
Changes in river characteristics—3 times (3/0) H
Land subsidence—3 times (3/0) E
Monsoons causing strong waves—2 times (2/0) H
Distance to rivers—2 times (0/2) E
Economic drivers 34 (18/16) Socio-economic conditions of households—15 times (0/15) V
Land-use changes and construction in flood-prone areas—7
times (6/1)
E, V
Reservoir and dams—5 times (5/0) H
Economic development—2 times (2/0) V
Infrastructure conditions—2 times (2/0) E, V
Land-use type and farming practices—2 times (2/0) E, V
Deforestation—1 time (1/0) H
Demographic
drivers
22 (11/11) Urbanisation—7 times (7/0) E, V
Demographics for example, population, household sizes and
education, and so forth.—7 times (0/7)
V
Coping capacity—4 times (0/4) V
Population growth—2 times (2/0) E
Ethnicities—2 times (2/0) V
Socio-political
drivers
15 (9/6) Flood control measures—12 times (9/3) H, E
Social capital—2 times (0/2) V
Flood risk management—1 time (0/1) V
Technical drivers 2 (1/1) Early warning system—2 times (1/1) V
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socio-economic conditions of households (16 times), rain-
fall related issues (16 times), and demographic character-
istics of the households or areas (7 times). For a
combination of all drivers that were mentioned and
analysed in the reviewed papers, physical and environ-
mental drivers such as rainfall, tide, CC and SLR were
the most frequently mentioned (63 times), followed by
socio-political drivers (25 times), economic drivers
(16 times), demographic drivers (15 times), and technical
drivers (2 times) (Table 4).
The drivers of flood risk recognised in the literature
are usually interrelated. For example, in Ho Chi Minh
City, high tides can lead to increased water levels, but
also prevent water from withdrawing from the city,
which is also determined by the poor drainage system
(a socio-political driver; Duy, Chapman, & Tight, 2019).
The reduced buffer capacity due to surface sealing and
the decline of wetland areas is classified as a physical and
environmental driver of flood risk in Ho Chi Minh City,
itself largely driven by demographic and economic factors
such as urbanisation and population growth, or construc-
tion in flood-retention areas (Storch & Downes, 2011). In
addition, there is a lack of studies that consider the
drivers of all flood risk elements since the majority
focused on the drivers of a single risk element (Table 4).
The drivers that influence the hazard element are
mentioned most frequently (e.g., increased rainfall inten-
sity and tides). Other drivers that influence the hazard
element include changes in river characteristics due to
human activities such as infrastructure development,
dike, reservoir, and dam construction. Economic, demo-
graphic and socio-political drivers such as increased
urbanisation, population growth, and poor drainage
systems seem to affect the exposure and vulnerability ele-
ments of flood risk rather than the hazard component
(Table 4).
3.5 | Solutions for flood risk reduction,
risk transfer, flood risk management and
adaptation
Out of the reviewed papers, 34 assessments (44%) offered
solutions to reduce, manage or transfer flood risk. How-
ever, only 10 papers (29%) provided practical solutions,
that is, solutions derived from the in-depth analyses of
flood risks in the case studies (Table 5). A majority of
papers (n = 24, 71%) mentioned solutions generally, that
is, without in-depth analyses and a direct link to the
analysed drivers of flood risks. For those that mentioned
solutions, many studies (n = 11, 46%) called for improv-
ing flood risk assessment such as the development of
flood risk maps (n = 5, 21%). Implementation of early
warning information systems (n = 10, 42%) and an
improvement of flood risk governance (n = 7, 29%) were
also often advocated. For the papers that provided practi-
cal solutions with further analyses, structural measures
such as dikes and infrastructure construction, or house-
hold measures such as elevating houses or application of
water-proof structures, were usually considered (n = 3,
30%). Flood insurance and ecosystem-based adaptation
were rarely considered in the reviewed papers (in one
and two assessments respectively). For all solutions that
were mentioned and analysed, non-structural measures
were named 28 times, structural measures were men-
tioned seven times, and the combined measures were
proposed six times.
The solutions that were derived from the case studies
with detailed analysis often target exposure, vulnerability
or a combination of different risk components. In con-
trast, the solutions that were only mentioned in general
without providing a detailed analysis usually addressed
the vulnerability, for example, by improving flood risk
governance and preparedness. Measures such as improved
flood risk management or early warning systems are likely
to reduce one element of risk, for example, lower the expo-
sure or improve adaptive capacity to floods. Household
solutions, such as house elevating and water-proof instal-
lation, are more likely to reduce flood impact. In contrast,
land use planning and ecosystem-based solutions are
deemed to address all risk components (Table 5).
3.6 | Linkages between risk
conceptualizations, drivers, proposed
solutions and contexts
There is no clear evidence of the influence of different
risk perspectives on the proposed solutions in the
reviewed papers. However, linkages between the hazard
or risk-based perspectives that were considered in the
studies and risk assessment methods were observed
(Figure 5). The modelling approach was applied repeat-
edly in hazard focused-studies, that is, 55% of hazard-
focused papers applied the modelling approach. Com-
bined methods such as an application of both GIS and
modelling were employed more regularly in combined-
and exposure-focused studies (44 and 30% respectively).
In contrast, statistics (including composite risk indices)
and qualitative methods such as narratives, descriptive
analyses, and storylines prevailed in vulnerability-focused
assessments (47 and 86% respectively). Regarding spatial
scale, hazard perspective papers were more often regional
(47%), while studies adopting other perspectives (e.g.,
NGUYEN ET AL. 11 of 24















E, V Improving flood risk assessment is considered vital
to support the decision-making process in disaster






V Identifying risk areas, warning people about
necessary measures, and providing safe places for
evacuation in case of disaster events are important
for disaster mitigation in Thua Thien Hue province






H, E, V In the Mekong Delta, land use planning should
allow some flooding for agriculture in order to
prevent catastrophic flooding (Le, Nguyen,
Wolanski, Tran, & Haruyama, 2007)
Consideration of flood risk in land use planning and
the design of new projects is recommended for Ho
Chi Minh City (Tu & Nitivattananon, 2011)
Flood governance 7 (7/0) Non-structural
measures
V Implementation of management practices,
sustainable resource use planning, and proactive
mitigation measures are suggested to increase
resilience to hazards and sustainability of natural
and socio-economic systems in Thua Thien Hue





H, E A dike system from 12 to 15 m, combined with the
operation of Hoa Binh reservoir upstream of the
Red River, could protect Hanoi from floods such as
the disastrous one in 1971, which had a water level
of 14.13 m (Hung et al., 2007)
Awareness-raising 4 (3/1) Non-structural
measures
V In Hanoi, providing local people with comprehensive
training courses on adapting to urban flooding is







H, E, V Multiple measures are proposed to cope with the
impacts of CC, and to improve the living
conditions in Ho Chi Minh City, including the
construction of levees together with urban








E, V The availability of boats for private transportation is
an indicator of adaptation to flooding for rural
households in the Mekong Delta (Ling, Tamura,
Yasuhara, Ajima, & Van Trinh, 2015)
In Ho Chi Minh City, dry-proofing is promising for
household-scale adaptation because of its
scalability, low cost, and relatively fast





V Experts, researchers, and scientists should be actively
involved in decision-making processes for flood







V Providing medical services to people during and after
flooding is important to improve their mental
health and to reduce the burden on medical
treatments (Bich, Quang, Ha, Hanh, & Guha-
Sapir, 2011)
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exposure and vulnerability) were usually addressed at the
local level (100 and 80% of studies, respectively). For the
temporal dimension, the assessments that employed a
vulnerability perspective were more likely to address
flood risk as a snapshot (70%) than other studies adopting

















V Encouraging the diversification of livelihood
activities within the local capacity is one of the
measures suggested to cope with flooding in Thua






H, E, V Payment for environmental services (PES) schemes
are proposed to enhance the motivation of farmers
to establish soil conservation measures in sloping





E In Ho Chi Minh City, raising the ground level of
buildings is one suggestion to reducing flood
damage (Lasage et al., 2014)
Improved drainage
systems
1 (1/0) Hard measures H, E In Ho Chi Minh City, a priority adaptation strategy is
installing and upgrading floodwater and rainwater
storage facilities to reduce water overflow and
reuse rainwater for irrigation and other purposes
(Tu & Nitivattananon, 2011)
Flood insurance 1 (1/0) Non-structural
measures
V Establishing a flood insurance market is suggested
for Can Tho City as well as supporting schemes to
facilitate the quick recovery of flood-affected
businesses (Chinh et al., 2016)
FIGURE 5 Risk assessment perspectives in the reviewed papers and their variation across contexts and approaches (the number of
papers per category was shown in each column)
NGUYEN ET AL. 13 of 24
perspective (53%). Risk perspectives were also applied dif-
ferently between rural and urban contexts (Figure 5). The
combined and vulnerability perspectives were regularly
acknowledged in both assessments in urban and rural
contexts. Nevertheless, studies carried out in the urban
context more regularly addressed a combination of differ-
ent flood risk elements (47% of papers) than studies in
rural areas (33%). Assessments that were undertaken in
rural areas also targeted exposure (70%) and hazard
(35%) more often than studies carried out in urban areas
(30 and 18% of studies, respectively).
Several commonalities and differences of drivers of
flood risk were also observed between locations and
contexts. Physical and environmental factors (e.g., rainfall,
physical, and environmental characteristics of the
researched areas, tide, etc.) and economic-related drivers,
including the implementation of dikes or construction in
flood-prone areas, as well as economic development, were
mentioned most frequently among locations and contexts
(Figure 5). The drivers of flood risk may also be influenced
by the flood types and their characteristics, for example,
the magnitude of the flood hazard in specific regions. For
instance, in the Northeast, Northwest and North Central
coast, physical and environmental drivers dominated
other drivers of flood risk. In the Northeast and North-
west, flash floods were the only flood type analysed in
the reviewed literature, while in the North Central Coast,
floodwaters typically rise rapidly with strong flow veloci-
ties. Thus, other economic, socio-political, and demo-
graphic drivers may be less recognisable as influencing
factors on flood risk than physical and environmental
drivers in these areas.
There are some variations in the drivers of flood risk
among urban and rural settings. In rural areas, physical
and environmental as well as socio-political factors were
more often considered as the drivers of flood risk,
whereas in the cities, economic and demographic drivers
such as urbanisation, population growth, and construc-
tion in flood-prone areas were more regularly men-
tioned/analysed (Figure 6). A possible explanation would
be the high values of assets and population exposed to
flooding events in the cities. In urban areas, infrastruc-
ture status and the values of units that are exposed to
flooding are important factors characterising flood risks.
For instance, in Ho Chi Minh City, Binh Thanh district
has more concrete surface area, making the district more
vulnerable to flooding (Tu & Nitivattananon, 2011).
Economic drivers were also acknowledged more regu-
larly in the hinterland than in the coastal areas. In con-
trast, socio-political drivers are more often considered in
coastal areas.
4 | PERSISTENT GAPS AND
FUTURE DIRECTIONS
The literature review revealed that various risk defini-
tions and conceptualizations have been applied in flood
risk assessments in Vietnam. Both hazard-focused and
vulnerability/risk-based perspectives have been used in
flood risk assessments across the country. However,
hazard-focused assessments still dominated. The majority
of papers did not provide a clear definition of risk in their
assessments, which might constrain the understanding
FIGURE 6 Drivers of flood risk in the reviewed papers across locations and contexts (the frequency of drivers per category was shown
in each column)
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and use of the assessment results, as well as the transfer
of results to other regions. In risk assessment, a concrete
definition of risk is important to frame the spatio-
temporal boundaries of the research and to allow a better
understanding and synthesis of study results. Defining
risk may also help to deconstruct risk into different ele-
ments for integrated spatial risk analyses that also con-
sider hazard, exposure and vulnerability, which is
currently rarely applied in flood risk assessments in Viet-
nam. In flood risk management literature globally, there
is still a divide between the social and the natural sci-
ences, in which the first perspective often addresses social
interactions and flood risk governance, and the latter
focuses on tools to predict flood probabilities and assess
vulnerability (Morrison et al., 2018). An inclusion of
socio-economic data into risk and vulnerability assess-
ment has also been proposed in other review studies of
climate risk, such as a consideration of socially vulnera-
ble populations for community flood risk management
(Jurgilevich et al., 2017; Tyler, Sadiq, & Noonan, 2019).
This review thus advocates a departure from the current
focus on flood hazards and single method use (e.g., only
flood hazard modelling), towards an application of inte-
grated perspectives that consider flood hazards, exposure
of humans, ecosystems, infrastructure and (cultural, eco-
nomic) assets, and systems' vulnerabilities as well as a
variety of assessment methods.
The literature review revealed a lack of assessments
that considered various drivers of multiple risk elements.
Many papers mentioned the drivers of flood risk gener-
ally without contextual analyses. Therefore, future flood
risk assessments should address multiple drivers of all
flood risk elements. Although numerous papers have
suggested solutions for reducing flood risk, there is little
evidence whether the analyses of drivers of flood risk led
to the development of the proposed solutions. In addi-
tion, studies that engaged with stakeholders during the
assessments and development of solutions were very lim-
ited. This is surprising given that relevant national-level
policies in the country emphasise the importance of the
active involvement of all groups of stakeholders and the
mainstreaming of climate change issues and disaster pre-
vention into socio-economic, sector and spatial develop-
ment plans at all levels (GoV, 2008, 2011, 2012a, 2013).
As revealed in a literature review of flood risk manage-
ment globally, only 7% of the reviewed papers could be
classified as ‘research on practice’ theme (Morrison et al.,
2018). Thus, an in-depth analysis of drivers is needed that
can lead to the development of practical measures
(e.g., through active engagement with local stakeholders)
to reduce flood risk. Furthermore, the assessments of
future flood risk in the literature focused strongly on cli-
mate variability and hazard exposure, while vulnerability
or a combination of risk elements were adopted less regu-
larly. Today, it is well recognised that flood risk is
dynamic and several risk elements would be largely mod-
ified by an alteration of even one single driver (Merz
et al., 2014). Therefore, future projections of flood risk
need to take into account dynamic changes of drivers and
their influence on all risk elements (Tanoue et al., 2016).
At the moment, numerous flood projection models con-
sider flooding as a static and local process (Merz
et al., 2014), and thus the projection of future flood risk
does not take into account environmental change, socie-
tal transformation, or the effects of human behaviour,
risk reduction and adaptation. A consideration of the
dynamics of drivers and their influence on future risk ele-
ments is relevant not only for flood risk projection but
also for flood risk management, since the solutions that
aim to tackle current drivers of risk at a particular place
would introduce more or other drivers, or transfer risk
spatially (Jurgilevich et al., 2017). At present, the flood
risk management planning has been carried out for
almost all major basins in Vietnam. However, the plan-
ning is still spatially limited to the catchment scale,
whereby the adjacent areas and estuaries are not consid-
ered (Quynh & Thanh, 2016). Except for some studies
using statistical data without field observation or field
data, all papers in this review analyse flood risk within
administrative regions or basin scales in the country
without consideration of transboundary approaches. This
is different from the European Union approach to flood
risk management, where the assessments and manage-
ment of flood risk consider the transboundary basin that
is divided into different bioregional scales (Priest
et al., 2016). In Vietnam, flood risk management activi-
ties involve various agencies across administrative levels.
At the national level, the activities for natural hazard pre-
vention, responses and preparedness are in charge of
almost all ministries, in which the Central Steering Commit-
tee for Natural Disaster Prevention and Control, the
National Committee for Incident, Disaster Response, Search
and Rescue, and the Ministry of Agriculture and Rural
Development are the main actors. The people's committee
at the provincial level is tasked to implement flood risk man-
agement strategies at lower levels (MARD, 2019). In order to
improve flood risk management, it is recommended that sci-
entists and experts should be involved in the flood risk
steering committee and decision-making (Chinh, Von
Meding, & Kanjanabootra, 2018; Hoang et al., 2018). Finan-
cial challenges related to budget allocation, however, would
be one of the barriers that hinder the participation process
(Chinh et al., 2018).
From an empirical perspective, one suggestion that
was proposed in the literature review is the development
of risk transfer solutions such as flood risk insurance, the
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uptake for which remains low in Vietnam (Reynaud,
Nguyen, & Aubert, 2018). Climate risk-transfer solutions
such as flood risk insurance are proven to be successful
to help people quickly recover from flood damage (Chinh
et al., 2016; Triet et al., 2018) and therefore can be consid-
ered a viable option for flood risk management in the
country. In addition, ecosystem-based solutions are rarely
considered as potential flood reduction or adaptation
measures in the reviewed literature, with only two papers
acknowledging these solutions, that is, paying for ecosys-
tem services. The National Climate Change Strategy of
Vietnam (GoV, 2011) recognises the relevance of
ecosystem-based solutions, however, and the National
Strategy for Natural Disaster Prevention, Response and
Mitigation to 2020 also proposes both structural
(e.g., protection and upgrade of dikes and reservoirs)
and non-structural (e.g., improvement of the legislative
and policy frameworks, awareness-raising, etc.) mea-
sures to reduce flood risk (GoV, 2007). In Central Viet-
nam, initiatives to implement ecosystem-based
measures for flood risk reduction were carried out, for
example, by restoring water bodies in the cities and
mangrove forests along the coast (CSRD, 2018). Further
consideration and analyses of the role of ecosystem-
based adaptation to flooding in Vietnam are therefore
recommended as part of an overall risk reduction or
adaptation strategy. These solutions could be linked to
enhancing the provision of ecosystem services such as
improvements of flood-based livelihoods (Tran, van
Halsema, Hellegers, Ludwig, & Seijger, 2018), or an
application of critical green infrastructures to mitigate
flood hazards (Sebesvari et al., 2019). Such ecosystem-
based solutions have been considered to address the
underlying drivers of flood risks and provide additional
benefits without compromising other risk elements.
Other recommendations for future flood risk assess-
ments in Vietnam include focusing more on small-sized
cities, for example, the ones that are provincially admin-
istered and categorised as lower than category II by the
Vietnamese government. These cities often face the
highest vulnerability and possess the least capacity to deal
with climate change yet are currently often neglected in
science and policy (Birkmann, Welle, Solecki, Lwasa, &
Garschagen, 2016). In addition, many peri-urban and rural
areas adjacent to urban areas in Vietnam are urbanising
rapidly, leading to the encroachment of cities into rural
and potential flood-prone areas, which often lack suffi-
cient academic and political attention, particularly in Viet-
nam (Garschagen, Renaud, & Birkmann, 2011). In this
context, exploring the drivers leading to present day flood
risk in urban agglomerations provides practical implica-
tions for risk reduction planning in areas facing rapid
urbanisation, such as spatial urban planning in transition
areas. In addition, flood risk assessments for the Central
Highlands are crucial, given the area's high risk to fluvial
and flash floods following torrential rains (CCFSC, 2016).
As of yet, there have been no flood risk assessments car-
ried out in this area in the literature.
5 | CONCLUSIONS
Presently, several different risk conceptualizations and
definitions have been applied for flood risk assessments
in Vietnam. A conceptualization of flood risk focusing on
hazard or risk/vulnerability perspectives could influence
the choices of the assessment approach (e.g., the hydro-
logical modelling and GIS-based approaches that were
often employed in hazard-focused studies). An incorpora-
tion of hazard, exposure and vulnerability-related ele-
ments in flood risk definitions and conceptualization is
much needed among flood risk assessments in Vietnam,
for example, by adopting the latest risk definitions and
approaches of IPCC in the SREX report (IPCC, 2012) and
the subsequent fifth Assessment Report (IPCC, 2014). A
conceptualization of flood risk that integrates environ-
mental, physical, social, economic and institutional
(i.e., governance-related) aspects is vital to explore the
root causes of flood risk across geographies, sectors, and
within regions with different socio-economic conditions.
The integrated flood management approach or several
frameworks in the field of social-ecological assessment,
resilient management, and adaptive risk management,
etc. that address the linkage between social and natural
systems at both local and basin scales therefore could be
useful for flood risk assessments and management.
In addition, this literature review has revealed various
drivers of flood risk in Vietnam, whereby physical and
environmental drivers were most widely considered. It is
thus necessary to enhance the exploration of social, eco-
nomic and political or governance-related drivers of flood
risk since it has been revealed that in urban flooding in
Southeast Asia, social conditions such as population den-
sity, public awareness, and governance are the main fac-
tors influencing the number of flood fatalities (Osti,
Hishinuma, Miyake, & Inomata, 2011). Drivers of flood
risk also varied across contexts, for instance, between
rural and urban areas. Thus, analyses of the drivers of
flood risk and the development of solutions for reducing
flood risk in the country should pay attention to these
contextual differences.
Flood risk assessments for transboundary rivers and
basins should also be carried out to foster an integrated
and spatial flood risk management beyond basin and
administrative levels, for example, a cross-boundary flood
risk management approach. In addition, future-oriented
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risk assessments that acknowledge dynamic changes
among all risk elements are desired to narrow the exis-
ting gaps of future risk assessments which are currently
strongly hazard-focused. Combining different methods
and engaging local stakeholders in the assessments and
developments of solutions are therefore recommended to
address the contextual differences and data constraints
on socio-economic projection in future flood risk
assessments.
ACKNOWLEDGEMENTS
This research was part of the FloodAdaptVN project
(Grant No. 01LE1905G) funded by the German Federal
Ministry of Education and Research (BMBF) through its
Research for Sustainable Development (FONA) program.
The authors also would like to thank Dr. Shengle Yin for
her support in cross-checking the paper coding,
Ms. Isabel Meza for her advice on the analysis, and
Mr. Harrhy James for proofreading of the manuscript.
AUTHOR CONTRIBUTIONS
Minh Tu Nguyen, Michael Hagenlocher, Zita Sebesvari,
and Maxime Souvignet designed the research approach and
the review strategy. The review was conducted by Minh Tu
Nguyen, Michael Hagenlocher, Zita Sebesvari, and Maxime
Souvignet under the overall supervision of Michael
Hagenlocher. All authors contributed to the interpretation
of the results and the development of the manuscript. Minh
Tu Nguyen drafted the manuscript with inputs from all
authors. All authors approved the manuscript.
DATA AVAILABILITY STATEMENT
I confirm that my article contains a Data Availability
Statement even if no data is available (list of sample state-
ments) unless my article type does not require one. I con-
firm that I have included a citation for available data in
my references section, unless my article type is exempt.
ORCID









An, D. T. N., & Kumar, L. (2017). Application of remote sensing
and GIS-based hydrological modelling for flood risk analysis: A
case study of district 8, Ho Chi Minh city, Vietnam. Geomatics,
Natural Hazards and Risk, 8, 1792–1811. https://doi.org/10.
1080/19475705.2017.1388853
Bangalore, M., Smith, A., & Veldkamp, T. (2017). Exposure to
floods, climate change, and poverty in Vietnam. Natural Haz-
ards and Earth System Sciences, 3, 79–99. https://doi.org/10.
5194/nhess-2017-100
Bich, T. H., Quang, L. N., Ha, L. T. T., Hanh, T. T. D., & Guha-
Sapir, D. (2011). Impacts of flood on health: Epidemiologic evi-
dence from Hanoi, Vietnam. Global Health Action, 4, 6356.
https://doi.org/10.3402/gha.v4i0.6356
Binh, L. T. H., Umamahesh, N. V., & Rathnam, E. V. (2019). High-
resolution flood hazard mapping based on nonstationary fre-
quency analysis: Case study of Ho Chi Minh City, Vietnam.
Hydrological Sciences Journal, 64, 318–335. https://doi.org/10.
1080/02626667.2019.1581363
Birkmann, J. (2006). Measuring vulnerability to promote disaster-
resilient societies: Conceptual frameworks and definitions,
Conceptual framework and definition. In Measuring vulnerabil-
ity to natural hazards towards disaster resilient societies
(pp. 9–54). Bonn: United Nations University Press. https://doi.
org/10.1002/aehe.3640140303
Birkmann, J., Cardona, O. D., Carreno, M. L., Barbat, A. H.,
Welle, M. P., Schneiderbauer, S., … Welle, T. (2013). Framing
vulnerability, risk and societal responses: The MOVE frame-
work. Natural Hazards, 67, 193–211. https://doi.org/10.1007/
s11069-013-0558-5
Birkmann, J., Welle, T., Solecki, W., Lwasa, S., & Garschagen, M.
(2016). Boost resilience of small and mid-sized cities. Nature,
537, 605–608. https://doi.org/10.1038/537605a
Blaikie, P., Cannon, T., Davis, I., Wisner, B., 1994. At risk - natural
hazards, people's vulnerability and disasters, 1st ed. Routledge,
London, New York. Retrieved from https://doi.org/10.4324/
9780203428764
Casse, T., Milhøj, A., & Nguyen, T. P. (2015). Vulnerability in
north-Central Vietnam: Do natural hazards matter for every-
body? Natural Hazards, 79, 2145–2162. https://doi.org/10.1007/
s11069-015-1952-y
CCFSC (2016). Annual report of Vietnam central Committee for
Flood and Storm Control (CCFSC). Hanoi.
Chinh, D. T., Bubeck, P., Dung, N. V., & Kreibich, H. (2016). The
2011 flood event in the Mekong Delta: Preparedness, response,
damage and recovery of private households and small busi-
nesses. Disasters, 40, 753–778. https://doi.org/10.1111/disa.12171
Chinh, D. T., Dung, N. V., Gain, A. K., & Kreibich, H. (2017). Flood
loss models and risk analysis for private households in can Tho
City, Vietnam. Water (Switzerland), 9(5), 1–22. https://doi.org/
10.3390/w9050313
Chinh, L., Von Meding, J., & Kanjanabootra, S. (2018). Flood risk
management activities in Vietnam: A study of local practice
in Quang Nam province. International Journal of Disaster Risk
Reduction, 28, 776–787. https://doi.org/10.1016/j.ijdrr.2018.02.006
CSRD (Centre for Social Research and Development) (2018). Eco-
system-based adaptation as a tool to increase flood resilience of
the vulnerable—Evidence from central Vietnam. Retrieved
from https://doi.org/10.13140/RG.2.2.33222.16962
Dottori, F., Szewczyk, W., Ciscar, J. C., Zhao, F., Alfieri, L.,
Hirabayashi, Y., … Feyen, L. (2018). Increased human and economic
losses from river flooding with anthropogenic warming. Nature Cli-
mate Change, 8, 781–786. https://doi.org/10.1038/s41558-018-0257-z
NGUYEN ET AL. 17 of 24
Duy, P. N., Chapman, L., & Tight, M. (2019). Resilient transport systems
to reduce urban vulnerability to floods in emerging-coastal cities: A
case study of Ho Chi Minh City, Vietnam. Travel Behaviour and
Society, 15, 28–43. https://doi.org/10.1016/j.tbs.2018.11.001
Garschagen, M. (2016). Decentralizing urban disaster risk manage-
ment in a centralized system? Agendas, actors and contentions
in Vietnam. Habitat International, 52, 43–49. https://doi.org/10.
1016/j.habitatint.2015.08.030
Garschagen, M., & Kraas, F. (2010). Assessing future resilience to
natural hazards—The challenge of capturing dynamic changes
under conditions of transformation and climate change. In R.
Custer, C. Sutter, & W. Ammann (Eds.), International disaster
and risk conference, IDRC. Davos (pp. 209–213). Davos: Founda-
tion Global Risk Forum GRF Davos.
Garschagen, M., Renaud, F. G., & Birkmann, J. (2011). Dynamic resil-
ience of peri-urban agriculturalists in the Mekong Delta under
pressures of socio-economic transformation and climate change.
In M. A. Stewart & P. A. Coclanis (Eds.), Environmental Change
and Agricultural Sustainability in the Mekong Delta (pp. 141–163).
Springer Dordrecht Heidelberg London New York: Springer Sci-
ence+Business. https://doi.org/10.1007/978-94-007-0934-8
GoV (Government of Vietnam) (2007). Decision No: 172/2007/Q –
TTg to approve the National Strategy for natural disaster pre-
vention, Response and Mitigation to 2020. Hanoi.
GoV (Government of Vietnam) (2008). Decision on approval of the
National Target Program to respond to climate change. Deci-
sion No. 158/2008/QD-TTg. Hanoi, Vietnam.
GoV (Government of Vietnam) (2011). Decision No. 2139/QĐ-TTg
Decision No. 2139/QD-TTg approving the National Strategy for
Climate Change. Hanoi.
GoV (Government of Vietnam) (2012a). Decision No: 1474/QĐ-TTg
promulgating the National Action Plan for Climate Change in
the Period 2012–2020. Hanoi.
GoV (Government of Vietnam) (2012b). Decision No.1588/QD-TTg:
Approving irrigation planning in the Central Vietnam from
2012 to 2020 and orientations to 2050 under the conditions of
climate change and sea-level rise. Hanoi.
GoV (Government of Vietnam) (2013). Order No. 07/2013/L-CTN
on the promulgation of the Law on Natural Disaster Prevention
and Control. Hanoi.
GSO (General Statistics Office) (2019). Total rainfall at some sta-
tions [WWW document]. Retrieved from https://www.gso.gov.
vn/default_en.aspx?tabid=773
Habitat III. (2017). New Urban Agenda. Quito.
Hagenlocher, M., Meza, I., Anderson, C. C., Min, A., Renaud, F. G.,
Walz, Y., … Sebesvari, Z. (2019). Drought vulnerability and risk
assessments: State of the art, persistent gaps, and research
agenda. Environmental Research Letters, 14, 083002. https://doi.
org/10.1088/1748-9326/ab225d
Hallegatte, S., Green, C., Nicholls, R. J., & Corfee-Morlot, J. (2013).
Future flood losses in major coastal cities. Nature Climate
Change, 3, 802–806. https://doi.org/10.1038/nclimate1979
Hanh, P. T. T., Furukawa, M., 2007. Impact of sea level rise on
coastal zone of Vietnam. Bulletin of the College of Science Univer-
sity of the Ryukyus, 84, 45–59.
Hansson, K., Ekenberg, L., 2002. Flood mitigation strategies for the
red river delta. Conf. Proc.—Jt. 2002 CSCE/ASCE Int. Conf.
Environ. Eng.—An Int. Perspect. Environ. Eng. 783–798.
Hoang, L. P., Biesbroek, R., Tri, V. P. D., Kummu, M., van
Vliet, M. T. H., Leemans, R., … Ludwig, F. (2018). Managing
flood risks in the Mekong Delta: How to address emerging chal-
lenges under climate change and socioeconomic developments.
Ambio, 47, 635–649. https://doi.org/10.1007/s13280-017-1009-4
Hung, H. V., Shaw, R., & Kobayashi, M. (2007). Flood risk manage-
ment for the RUA of Hanoi: Importance of community percep-
tion of catastrophic flood risk in disaster risk planning. Disaster
Prevention and Management, An International Journal, 16,
245–258. https://doi.org/10.1108/09653560710739568
Huong, H. T. L., & Pathirana, A. (2013). Urbanization and climate
change impacts on future urban flooding in Can Tho city, Viet-
nam. Hydrology and Earth System Sciences, 17, 379–394.
https://doi.org/10.5194/hess-17-379-2013
Huong, P.T., Quy, N.B., Thanh, L.D., 2010. Tidal hydrodynamics of
Da Rang river mouth in central Vietnam. Proc. 5th Int. Conf.
Asian Pacific Coasts, APAC 2009 3, 268–274. https://doi.org/10.
1142/9789814287951_0125
Huu, P. C. (2011). Planning and implementation of the Dyke Systems
in the Mekong Delta. Vietnam: University of Bonn.
Huynh, L. T. M., & Stringer, L. C. (2018). Multi-scale assessment of
social vulnerability to climate change: An empirical study in
coastal Vietnam. Climate Risk Management, 20, 165–180.
https://doi.org/10.1016/j.crm.2018.02.003
IPCC (Intergovernmental Panel on Climate Change), 2007. Cli-
mate Change 2007: Impacts, Adaptation and Vulnerability:
Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel. Cambridge Univer-
sity Press, Cambridge. https://doi.org/10.1256/00431650
2320517344
IPCC (Intergovernmental Panel on Climate Change). (2012). Manag-
ing the risks of extreme events and disasters to advance climate
change adaptation. Special Report of the Intergovernmental Panel
on Climate Change, New York: Cambridge University Press.
IPCC (Intergovernmental Panel on Climate Change). (2014). Cli-
mate change (p. 2014). Impacts: Adaptation, and Vulnerability.
Summary for Policymakers.
IPCC (Intergovernmental Panel on Climate Change), 2019. IPCC,
2019: Technical summary, in: Pörtner, H.-O., Roberts, D.C.,
Masson-Delmotte, V., P. Zhai, M.T., Poloczanska, E.,
Mintenbeck, K., Alegría, A., Nicolai, M., Okem, A., Petzold, J.,
Rama, B., Weyer, N.M. (Eds.), IPCC special report on the ocean
and cryosphere in a changing climate. pp. 39–69). In press.
ISET (The Institute for Social and Environmental Transition-Inter-
national) (2016). Urban development and flood risk in Viet-
nam: Experience in three cities, report prepared for the
Rockefeller Foundation. Hanoi.
JICA (Japan International Cooperation Agency), 2003. The study
on nationwide water resources development and management
in the Socialist Republic of Vietnam.
Jurgilevich, A., Räsänen, A., Groundstroem, F., & Juhola, S. (2017).
A systematic review of dynamics in climate risk and vulnerabil-
ity assessments. Environmental Research Letters, 12, 1–15.
https://doi.org/10.1088/1748-9326/aa5508
Kulp, S. A., & Strauss, B. H. (2019). New elevation data triple esti-
mates of global vulnerability to sea-level rise and coastal
flooding. Nature Communications, 10, 4844. https://doi.org/10.
1038/s41467-019-12808-z
18 of 24 NGUYEN ET AL.
Lasage, R., Veldkamp, T. I. E., De Moel, H., Van, T. C., Phi, H. L.,
Vellinga, P., & Aerts, J. C. J. H. (2014). Assessment of the effec-
tiveness of flood adaptation strategies for HCMC. Natural Haz-
ards and Earth System Sciences, 14, 1441–1457. https://doi.org/
10.5194/nhess-14-1441-2014
Le, T. V. H., Nguyen, H. N., Wolanski, E., Tran, T. C., &
Haruyama, S. (2007). The combined impact on the flooding in
Vietnam's Mekong River delta of local man-made structures,
sea level rise, and dams upstream in the river catchment. Estua-
rine, Coastal and Shelf Science, 71, 110–116. https://doi.org/10.
1016/j.ecss.2006.08.021
Lee, S. K., Dang, T. A., & Tran, T. H. (2018). Combining rainfall–
runoff and hydrodynamic models for simulating flow under the
impact of climate change to the lower Sai Gon-Dong Nai River
basin. Paddy and Water Environment, 16, 457–465. https://doi.
org/10.1007/s10333-018-0639-x
Ling, F. H., Tamura, M., Yasuhara, K., Ajima, K., & Van Trinh, C.
(2015). Reducing flood risks in rural households: Survey of per-
ception and adaptation in the Mekong delta. Climatic Change,
132, 209–222. https://doi.org/10.1007/s10584-015-1416-0
Linh, N. T. M., Tri, D. Q., Thai, T. H., & Cao Don, N. (2018). Appli-
cation of a two-dimensional model for flooding and floodplain
simulation: Case study in Tra Khuc-Song Ve river in Viet Nam.
Lowland Technology International, 20, 367–378.
Luo, P., Mu, D., Xue, H., Ngo-Duc, T., Dang-Dinh, K., Takara, K., …
Schladow, G. (2018). Flood inundation assessment for the
Hanoi central area, Vietnam under historical and extreme rain-
fall conditions. Scientific Reports, 8, 1–11. https://doi.org/10.
1038/s41598-018-30024-5
Luu, C., von Meding, J., Mojtahedi, M., 2019. Analyzing Vietnam's
national disaster loss database for flood risk assessment using
multiple linear regression-TOPSIS. International Journal of
Disaster Risk Reduction 101153. https://doi.org/10.1016/j.ijdrr.
2019.101153, 101153
Lyu, H. M., Shen, S. L., Zhou, A., & Yang, J. (2019). Perspectives for
flood risk assessment and management for mega-city metro sys-
tem. Tunnelling and Underground Space Technology, 84, 31–44.
https://doi.org/10.1016/j.tust.2018.10.019
MARD (Ministry of Agriculture and Rural Development). (2019).
The national strategies in natural hazard prevention and mitiga-
tion until 2030, vision to 2030. Hanoi.
Merz, B., Aerts, J., Arnbjerg-Nielsen, K., Baldi, M., Becker, A.,
Bichet, A., … Nied, M. (2014). Floods and climate: Emerging
perspectives for flood risk assessment and management. Natu-
ral Hazards and Earth System Sciences, 14, 1921–1942. https://
doi.org/10.5194/nhess-14-1921-2014
Minh, L. T. N., Garnier, J., Billen, G., Orange, D., Némery, J.,
Le, T. P. Q., … Le, L. A. (2010). Hydrological regime and water
budget of the Red River Delta (northern Vietnam). Journal of
Asian Earth Sciences, 37, 219–228. https://doi.org/10.1016/j.
jseaes.2009.08.004
Morrison, A., Westbrook, C.J., Noble, B.F., (2018). A review of the
flood risk management governance and resilience literature. J.
Flood Risk Manag. 11, 291–304. https://doi.org/10.1111/jfr3.12315
Nhuan, M. T., Hien, L. T. T., Ha, N. T. H., Hue, N. T. H., &
Quy, T. D. (2014). An integrated and quantitative vulnerability
assessment for proactive hazard response and sustainability: A
case study on the Chan May-Lang Co Gulf area, Central
Vietnam. Sustainability Science, 9, 399–409. https://doi.org/10.
1007/s11625-013-0221-9
Okamoto, Y., Kobayashi, H., & Tanaka, U. (2013). Environmental
adaptation of a lagoon village living with floods: A case study
in Van Quat Dong Village located in a flood-prone area, Cen-
tral Vietnam. Journal of Disaster Research, 8, 173–174.
Osti, R., Hishinuma, S., Miyake, K., & Inomata, H. (2011). Lessons
learned from statistical comparison of flood impact factors
among southern and eastern Asian countries. Journal of Flood
Risk Managment, 4, 203–215. https://doi.org/10.1111/j.1753-
318X.2011.01107.x
Phong, T., Shaw, R., Chantry, G., & Norton, J. (2009). GIS and local
knowledge in disaster management: A case study of flood risk
mapping in Viet Nam. Disasters, 33, 152–169. https://doi.org/
10.1111/j.1467-7717.2008.01067.x
Priest, S. J., Suykens, C., van Rijswick, H. F. M. W., Schellenberger, T.,
Goytia, S., Kundzewicz, Z. W., … Homewood, S. (2016). The
European union approach to flood risk management and improv-
ing societal resilience: Lessons from the implementation of the
floods directive in six European countries. Ecology and Society, 21.
https://doi.org/10.5751/ES-08913-210450
Quang, L. X., Nakamura, K., Hung, T., Van Tinh, N., Matsuda, S.,
Kadota, K., … Onishi, T. (2019). Effect of organizational paddy
water management by a water user group on methane and
nitrous oxide emissions and rice yield in the Red River Delta,
Vietnam. Agricultural Water Management, 217, 179–192.
https://doi.org/10.1016/j.agwat.2019.02.015
Quynh, N. N., & Thanh, D. H. (2016). Integrated flood manage-
ment, a modern and practical approach in flood preparedness,
prevention and mitigation in river basins in Vietnam. J. Sci.
Hyrological Tech., 33, 1–5.
Reynaud, A., Nguyen, M. H., & Aubert, C. (2018). Is there a
demand for flood insurance in Vietnam? Results from a choice
experiment. Environmental Economics and Policy Studies, 20,
593–617. https://doi.org/10.1007/s10018-017-0207-4
Schad, I., Schmitter, P., Saint-Macary, C., Neef, A., Lamers, M.,
Nguyen, L., … Hoffmann, V. (2013). Why do people not learn
from flood disasters? Evidence from Vietnam's northwestern
mountains. Quarterly Journal of International Agriculture, 52,
1–25. https://doi.org/10.1007/s11069-011-9992-4
Scussolini, P., Van Tran, T. T., Koks, E., Diaz-Loaiza, A.,
Ho, P. L., & Lasage, R. (2017). Adaptation to sea level rise: A
multidisciplinary analysis for Ho Chi Minh City, Vietnam.
Water Resources Research, 53, 10841–10857. https://doi.org/10.
1002/2017WR021344
Sebesvari, Z., Woelki, J., Walz, Y., Sudmeier-Rieux, K.,
Sandholz, S., Tol, S., … Renaud, F. G. (2019). Opportunities for
considering green infrastructure and ecosystems in the Sendai
framework monitor. Progress in Disaster Science, 2, 100021.
https://doi.org/10.1016/j.pdisas.2019.100021
Storch, H., & Downes, N. K. (2011). A scenario-based approach to
assess Ho Chi Minh City's urban development strategies against
the impact of climate change. Cities, 28, 517–526. https://doi.
org/10.1016/j.cities.2011.07.002
Sudmeier-Rieux, K., Fra.Paleo, U., Garschagen, M., Estrella, M.,
Renaud, F. G., & Jaboyedoff, M. (2015). Opportunities, incen-
tives and challenges to risk sensitive land use planning: Lessons
from Nepal, Spain and Vietnam. International Journal of
NGUYEN ET AL. 19 of 24
Disaster Risk Reduction, 14, 205–224. https://doi.org/10.1016/j.
ijdrr.2014.09.009
Tanoue, M., Hirabayashi, Y., & Ikeuchi, H. (2016). Global-scale
river flood vulnerability in the last 50 years. Scientific Reports,
6, 1–9. https://doi.org/10.1038/srep36021
Thao, N. T. P., Hoang, N. D., Pradhan, B., Nguyen, Q. K.,
Tran, X. T., Nguyen, Q. M., … Bui, D. T. (2018). A novel hybrid
swarm optimized multilayer neural network for spatial predic-
tion of flash floods in tropical areas using sentinel-1 SAR imag-
ery and geospatial data. Sensors (Switzerland), 18, 1–26. https://
doi.org/10.3390/s18113704
Tien, B. D., Thao, N. T. P., Dat, P. T., Jaafari, A., Quang, M. N.,
Hoa, P. V., & Samui, P. (2019). A novel hybrid approach based
on a swarm intelligence optimized extreme learning machine
for flash flood susceptibility mapping. Catena, 179, 184–196.
https://doi.org/10.1016/j.catena.2019.04.009
Tien, B. D., Tsangaratos, P., Thao, N. T. P., Dat, P. T., & Thai, P. B.
(2019). Flash flood susceptibility modeling using an optimized
fuzzy rule based feature selection technique and tree based
ensemble methods. Science and Total Environment, 668,
1038–1054. https://doi.org/10.1016/j.scitotenv.2019.02.422
Tran, D. D., van Halsema, G., Hellegers, P. J. G. J., Ludwig, F., &
Seijger, C. (2018). Stakeholders' assessment of dike-protected
and flood-based alternatives from a sustainable livelihood per-
spective in An Giang Province, Mekong Delta, Vietnam. Agri-
cultural Water Management, 206, 187–199. https://doi.org/10.
1016/j.agwat.2018.04.039
Tri, V. K. (2012). Hydrology and hydraulic infrastructure systems in
the Mekong Delta, Vietnam. In F. G. Renaud & C. Künzer
(Eds.), The Mekong Delta system-interdisciplinary analyses of a
River Delta (pp. 49–81). Bonn: Springer.
Triet, N. V. K., Viet Dung, N., Merz, B., & Apel, H. (2018). Towards
risk-based flood management in highly productive paddy rice
cultivation-concept development and application to the
Mekong Delta. Natural Hazards and Earth System Sciences, 18,
2859–2876. https://doi.org/10.5194/nhess-18-2859-2018
Tu, T. T., & Nitivattananon, V. (2011). Adaptation to flood risks in
Ho Chi Minh City, Vietnam. International Journal of Climate
Change Strategies and Management, 3, 61–73. https://doi.org/
10.1108/17568691111107943
Tuan, L.A., Hoanh, C.T., Miller, Fiona, Sinh, B.T., 2007. Flood and
salinity management in the Mekong Delta, Vietnam, in: Be, T.
T., Sinh, B.T., Miller, F. (Eds.), Challenges to sustainable devel-
opment in the Mekong Delta: Regional and national policy issues
and research needs. pp. 15–68). Bangkok: The Sustainable
Mekong Research Network (Sumernet).
Turner, B. L., II, Kasperson, R. E., Matson, P. A.,
Mccarthy, J. J., Corell, R. W., Christensen, L., … Schiller, A.
(2003). A framework for vulnerability analysis in sustain-
ability science. Proceedings of the National Academy of Sci-
ences, 100, 8074–8079.
Tyler, J., Sadiq, A. A., & Noonan, D. S. (2019). A review of the com-
munity flood risk management literature in the USA: Lessons
for improving community resilience to floods. Natural Hazards,
96, 1223–1248. https://doi.org/10.1007/s11069-019-03606-3
UNDRR (United Nations Office for Disaster Risk Reduction).
(2011). Global assessment report on disaster risk reduction.
Geneva: Switzerland.
Villegas, P. (2004). Flood modelling in Perfume River basin, Hue
Province, Vietnam, Enschede: University of Twente.
Willner, S. N., Otto, C., & Levermann, A. (2018). Global economic
response to river floods. Nature Climate Change, 8, 594–598.
https://doi.org/10.1038/s41558-018-0173-2
World Bank. (2018). Climate risk country profile—Vietnam. Washington
DC. The World Bank Group and the Asian Development Bank.
How to cite this article: Nguyen MT,
Sebesvari Z, Souvignet M, et al. Understanding and
assessing flood risk in Vietnam: Current status,
persisting gaps, and future directions. J Flood Risk
Management. 2021;e12689. https://doi.org/10.1111/
jfr3.12689
20 of 24 NGUYEN ET AL.
No. Reviewed paper
1. Älgå, A. et al. (2018) ‘Hope for the best, prepare for the worst—An assessment of flood preparedness at primary health care
facilities in central Vietnam’, International Journal of Environmental Research and Public Health, 15(12). doi: 10.3390/
ijerph15122689.
2. An, D. T. N. and Kumar, L. (2017) ‘Application of remote sensing and GIS-based hydrological modelling for flood risk analysis: a
case study of District 8, Ho Chi Minh city, Vietnam’, Geomatics, Natural Hazards and Risk. Taylor & Francis, 8(2), pp. 1792–
1811. doi: 10.1080/19475705.2017.1388853.
3. Anh, H. H. et al. (2018) ‘Examining the interaction of flood vulnerability determinants in Cambodia and Vietnam using partial
least squares structural equation modeling’, Water Policy, 20(6), pp. 1256–1278. doi: 10.2166/wp.2018.198.
4. Apel, H. et al. (2016) ‘Combined fluvial and pluvial urban flood hazard analysis: Concept development and application to Can
Tho city, Mekong Delta, Vietnam’, Natural Hazards and Earth System Sciences, 16(4), pp. 941–961. doi: 10.5194/nhess-16-941-
2016.
5. Balica, S. et al. (2014) ‘Flood impact in the Mekong Delta, Vietnam’, Journal of Maps. Taylor & Francis, 10(2), pp. 257–268. doi:
10.1080/17445647.2013.859636.
6. Bich, T. H. et al. (2011) ‘Impacts of flood on health: epidemiologic evidence from Hanoi, Vietnam.’, Global health action, 4, p.
6356. doi: 10.3402/gha.v4i0.6356.
7. Binh, L. T. H., Umamahesh, N. V. and Rathnam, E. V. (2019) ‘High-resolution flood hazard mapping based on nonstationary
frequency analysis: case study of Ho Chi Minh City, Vietnam’, Hydrological Sciences Journal. Taylor & Francis, 64(3), pp. 318–
335. doi: 10.1080/02626667.2019.1581363.
8. Boateng, I. (2012) ‘GIS assessment of coastal vulnerability to climate change and coastal adaption planning in Vietnam’, Journal
of Coastal Conservation, 16(1), pp. 25–36. doi: 10.1007/s11852-011-0165-0.
9. Bubeck, P. et al. (2012) ‘Do flood risk perceptions provide useful insights for flood risk management? Findings from central
Vietnam’, Journal of Flood Risk Management, 5(4), pp. 295–302. doi: 10.1111/j.1753-318X.2012.01151.x.
10. Bui, D. T., Tsangaratos, P., et al. (2019) ‘Flash flood susceptibility modeling using an optimized fuzzy rule based feature selection
technique and tree based ensemble methods’, Science of the Total Environment. Elsevier B.V., 668, pp. 1038–1054. doi:
10.1016/j.scitotenv.2019.02.422.
11. Casse, T., Milhøj, A. and Nguyen, T. P. (2015) ‘Vulnerability in north-central Vietnam: do natural hazards matter for everybody?’,
Natural Hazards. Springer Netherlands, 79(3), pp. 2145–2162. doi: 10.1007/s11069-015-1952-y.
12. Chau, V. N., Cassells, S. and Holland, J. (2015) ‘Economic impact upon agricultural production from extreme flood events in
Quang Nam, central Vietnam’, Natural Hazards, 75(2), pp. 1747–1765. doi: 10.1007/s11069-014-1395-x.
13. Chinh, D. T. et al. (2016) ‘The 2011 flood event in the Mekong Delta: preparedness, response, damage and recovery of private
households and small businesses’, Disasters, 40(4), pp. 753–778. doi: 10.1111/disa.12171.
14. Chinh, D. T. et al. (2017) ‘Flood loss models and risk analysis for private households in can Tho City, Vietnam’, Water
(Switzerland), 9(5). doi: 10.3390/w9050313.
15. Dang, N. M., Babel, M. S. and Luong, H. T. (2011) ‘Evaluation of food risk parameters in the Day River Flood Diversion Area,
Red River Delta, Vietnam’, Natural Hazards, 56(1), pp. 169–194. doi: 10.1007/s11069-010-9558-x.
16. DiGregorio, M. (2015) ‘Bargaining with disaster: Flooding, climate change, and urban growth ambitions in quy nhon, vietnam’,
Pacific Affairs, 88(3), pp. 577–597. doi: 10.5509/2015883577.
17. Dinh, Q. et al. (2012) ‘Climate change impact on flood hazard, vulnerability and risk of the Long Xuyen Quadrangle in the
Mekong Delta’, International Journal of River Basin Management, 10(1), pp. 103–120. doi: 10.1080/15715124.2012.663383.
18. Duy, P. N. et al. (2018) ‘Increasing vulnerability to floods in new development areas: evidence from Ho Chi Minh City’,
International Journal of Climate Change Strategies and Management, 10(1), pp. 197–212. doi: 10.1108/IJCCSM-12-2016-0169.
19. Duy, P. N., Chapman, L. and Tight, M. (2019) ‘Resilient transport systems to reduce urban vulnerability to floods in emerging-
coastal cities: A case study of Ho Chi Minh City, Vietnam’, Travel Behaviour and Society. Elsevier, 15(September 2018), pp. 28–
43. doi: 10.1016/j.tbs.2018.11.001.
20. Few, R. and Tran, P. G. (2010) ‘Climatic hazards, health risk and response in Vietnam: Case studies on social dimensions of
vulnerability’, Global Environmental Change. Elsevier Ltd, 20(3), pp. 529–538. doi: 10.1016/j.gloenvcha.2010.02.004.
21. Garschagen, M. (2015) ‘Risky change? Vietnam’s urban flood risk governance between climate dynamics and transformation’,
Pacific Affairs, 88(3), pp. 599–621. doi: 10.5509/2015883599.
(Continues)
APPENDIX 1: List of relevant papers for the review.
NGUYEN ET AL. 21 of 24
No. Reviewed paper
22. Giang, P. Q. and Phuong, T. T. (2018) ‘Evaluation of Loss of Rice Production due to Climate Change Reinforced Flood in
Vietnam Using Hydrological Model and GIS’, EnvironmentAsia, 11(3), pp. 65–78. doi: 10.14456/ea.2018.38.
23. Hoa, L. T. V. et al. (2008) ‘Infrastructure effects on floods in the Mekong River Delta in Vietnam’, Hydrological Processes, 22(9),
pp. 1359–1372. doi: 10.1002/hyp.6945.
24. Hudson, P., Pham, M. and Bubeck, P. (2019) ‘An evaluation and monetary assessment of the impact of flooding on subjective
well-being across genders in Vietnam’, Climate and Development, 11(7), pp. 623–637. doi: 10.1080/17565529.2019.1579698.
25. Hung, H. V., Shaw, R. and Kobayashi, M. (2007) ‘Flood risk management for the RUA of Hanoi: Importance of community
perception of catastrophic flood risk in disaster risk planning’, Disaster Prevention and Management: An International Journal,
16(2), pp. 245–258. doi: 10.1108/09653560710739568.
26. Huong, D. T. V. and Nagasawa, R. (2014) ‘Potential flood hazard assessment by integration of ALOS PALSAR and ASTER
GDEM: a case study for the Hoa Chau commune, Hoa Vang district, in central Vietnam’, Journal of Applied Remote Sensing, 8
(1), p. 083626. doi: 10.1117/1.jrs.8.083626.
27. Huong, H. T. L. and Pathirana, A. (2013) ‘Urbanization and climate change impacts on future urban flooding in Can Tho city,
Vietnam’, Hydrology and Earth System Sciences, 17(1), pp. 379–394. doi: 10.5194/hess-17-379-2013.
28. Kefi, M. et al. (2018) ‘Assessment of tangible direct flood damage using a spatial analysis approach under the effects of climate
change: Case study in an urban watershed in Hanoi, Vietnam’, ISPRS International Journal of Geo-Information, 7(1). doi:
10.3390/ijgi7010029.
29. Kobayashi, H., Thanh, D. T. and Tanaka, U. (2012) ‘Housing conditions of a Lagoon village in a flood-prone area of central
Vietnam’, Journal of Asian Architecture and Building Engineering, 11(1), pp. 79–85. doi: 10.3130/jaabe.11.79.
30. Lasage, R. et al. (2014) ‘Assessment of the effectiveness of flood adaptation strategies for HCMC’, Natural Hazards and Earth
System Sciences, 14(6), pp. 1441–1457. doi: 10.5194/nhess-14-1441-2014.
31. Le, T. V. H. et al. (2007) ‘The combined impact on the flooding in Vietnam’s Mekong River delta of local man-made structures,
sea level rise, and dams upstream in the river catchment’, Estuarine, Coastal and Shelf Science, 71(1–2), pp. 110–116. doi:
10.1016/j.ecss.2006.08.021.
32. Leitold, R. and Diez, J. R. (2018) ‘Exposure of manufacturing firms to future sea level rise in Ho Chi Minh City, Vietnam’,
Journal of Maps, 5647. doi: 10.1080/17445647.2018.1548385.
33. Ling, F. H. et al. (2015) ‘Reducing flood risks in rural households: survey of perception and adaptation in the Mekong delta’,
Climatic Change, 132(2), pp. 209–222. doi: 10.1007/s10584-015-1416-0.
34. Van Long, N. and Cheng, Y. (2018) ‘Urban Landscape Design Adaption to Flood Risk: A Case Study in Can Tho City, Vietnam’,
Environment and Urbanization ASIA, 9(2), pp. 138–157. doi: 10.1177/0975425318783587.
35. Luo, P. et al. (2018) ‘Flood inundation assessment for the Hanoi Central Area, Vietnam under historical and extreme rainfall
conditions’, Scientific Reports. Springer US, 8(1), pp. 1–11. doi: 10.1038/s41598-018-30024-5.
36. Luu, C. and von Meding, J. (2018) ‘A flood risk assessment of Quang Nam, Vietnam using spatial multicriteria decision analysis’,
Water (Switzerland), 10(4), pp. 1–16. doi: 10.3390/w10040461.
37. Luu, C., Von Meding, J. and Kanjanabootra, S. (2018a) ‘Assessing flood hazard using flood marks and analytic hierarchy process
approach: a case study for the 2013 flood event in Quang Nam, Vietnam’, Natural Hazards. Springer Netherlands, 90(3), pp.
1031–1050. doi: 10.1007/s11069-017-3083-0.
38. Luu, C., Von Meding, J. and Kanjanabootra, S. (2018b) ‘Flood risk management activities in Vietnam: A study of local practice in
Quang Nam province’, International Journal of Disaster Risk Reduction. Elsevier Ltd, 28(November 2017), pp. 776–787. doi:
10.1016/j.ijdrr.2018.02.006.
39. Luu, C., von Meding, J. and Mojtahedi, M. (2019) ‘Analyzing Vietnam’s national disaster loss database for flood risk assessment
using multiple linear regression-TOPSIS’, International Journal of Disaster Risk Reduction. Elsevier Ltd, (April), p. 101153. doi:
10.1016/j.ijdrr.2019.101153.
40. McElwee, P. et al. (2017) ‘Flood vulnerability among rural households in the Red River Delta of Vietnam: implications for future
climate change risk and adaptation’, Natural Hazards. Springer Netherlands, 86(1), pp. 465–492. doi: 10.1007/s11069-016-2701-
6.
41. Nam, D. H. et al. (2019) ‘Assessment of flood extremes using downscaled CMIP5 high-resolution ensemble projections of near-
term climate for the upper Thu Bon catchment in Vietnam’, Water (Switzerland), 11(4), pp. 5–14. doi: 10.3390/w11040634.
42. Nam, D. H., Udo, K. and Mano, A. (2015) ‘Future fluvial flood risks in Central Vietnam assessed using global super-high-
resolution climate model output’, Journal of Flood Risk Management, 8(3), pp. 276–288. doi: 10.1111/jfr3.12096.
22 of 24 NGUYEN ET AL.
No. Reviewed paper
43. Nga, P. H., Takara, K. and Cam Van, N. (2018) ‘Integrated approach to analyze the total flood risk for agriculture: The
significance of intangible damages – A case study in Central Vietnam’, International Journal of Disaster Risk Reduction. Elsevier
Ltd, 31(August), pp. 862–872. doi: 10.1016/j.ijdrr.2018.08.001.
44. Ngo, C. C., Poortvliet, P. M. and Feindt, P. H. (2019) ‘Drivers of flood and climate change risk perceptions and intention to adapt:
an explorative survey in coastal and delta Vietnam’, Journal of Risk Research. Routledge, 0(0), pp. 1–23. doi: 10.1080/
13669877.2019.1591484.
45. Ngo, H. et al. (2018) ‘An effective modelling approach to support probabilistic flood forecasting in coastal cities-Case study: Can
Tho, Mekong Delta, Vietnam’, Journal of Marine Science and Engineering, 6(2), pp. 1–19. doi: 10.3390/jmse6020055.
46. Nguyen, T. N. et al. (2019) ‘Establishing an early warning system for flash floods in Hoang Su Phi District, Ha Giang Province,
Vietnam’, Singapore Journal of Tropical Geography, 40(2), pp. 312–333. doi: 10.1111/sjtg.12276.
47. Nguyen, T. T. X. and Woodroffe, C. D. (2016) ‘Assessing relative vulnerability to sea-level rise in the western part of the Mekong
River Delta in Vietnam’, Sustainability Science. Springer Japan, 11(4), pp. 645–659. doi: 10.1007/s11625-015-0336-2.
48. Nhuan, M. T. et al. (2014) ‘An integrated and quantitative vulnerability assessment for proactive hazard response and
sustainability: A case study on the Chan May-Lang Co Gulf area, Central Vietnam’, Sustainability Science, 9(3), pp. 399–409.
doi: 10.1007/s11625-013-0221-9.
49. Okamoto, Y., Kobayashi, H. and Tanaka, U. (2013) ‘Environmental adaptation of a lagoon village living with floods: a case study
in Van Quat Dong Village located in a flood-prone area, central Vietnam’, Journal of Disaster Research, 8(1), pp. 173–174.
50. Osti, R. et al. (2011) ‘Lessons learned from statistical comparison of flood impact factors among southern and eastern Asian
countries’, Journal of Flood Risk Management, 4(3), pp. 203–215. doi: 10.1111/j.1753-318X.2011.01107.x.
51. Osti, R. and Nakasu, T. (2016) ‘Lessons learned from southern and eastern Asian urban floods: From a local perspective’, Journal
of Flood Risk Management, 9(1), pp. 22–35. doi: 10.1111/jfr3.12107.
52. Phong, T. et al. (2009) ‘GIS and local knowledge in disaster management: A case study of flood risk mapping in Viet Nam’,
Disasters, 33(1), pp. 152–169. doi: 10.1111/j.1467-7717.2008.01067.x.
53. Phung, D. et al. (2016) ‘The spatial distribution of vulnerability to the health impacts of flooding in the Mekong Delta, Vietnam’,
International Journal of Biometeorology. International Journal of Biometeorology, 60(6), pp. 857–865. doi: 10.1007/s00484-015-
1078-7.
54. Quan, D. VAn, Kuntiyawichai, K. and Plermkamon, V. (2017) ‘Quantification of Flood Damage under Potential Climate Change
Impacts in Central Vietnam’, Irrigation and Drainage, 66(5), pp. 842–853. doi: 10.1002/ird.2160.
55. Quang, N. H., Degener, J. and Kappas, M. (2015) ‘Flash flood prediction by coupling KINEROS2 and HEC-RAS models for
tropical regions of Northern Vietnam’, Hydrology, 2(4), pp. 242–265. doi: 10.3390/hydrology2040242.
56. Quang, N. H., Degener, J. and Kappas, M. (2016) ‘Flash flooding prediction in regions of northern Vietnam using the KINEROS2
model’, Hydrology Research, 47(5), pp. 1038–1052. doi: 10.2166/nh.2015.125.
57. Radhakrishnan, M., Islam, T., et al. (2018) ‘Context specific adaptation grammars for climate adaptation in urban areas’,
Environmental Modelling and Software. Elsevier Ltd, 102, pp. 73–83. doi: 10.1016/j.envsoft.2017.12.016.
58. Radhakrishnan, M., Nguyen, H. Q., et al. (2018) ‘Coping capacities for improving adaptation pathways for flood protection in Can
Tho, Vietnam’, Climatic Change. Climatic Change, 149(1), pp. 29–41. doi: 10.1007/s10584-017-1999-8.
59. Razafindrabe, B. H. N. et al. (2014) ‘Analyzing flood risk and related impacts to urban communities in central Vietnam’,
Mitigation and Adaptation Strategies for Global Change, 19(2), pp. 177–198. doi: 10.1007/s11027-012-9433-z.
60. Rubin, O. (2015) ‘The Burden of Excessive “linking Social Capital”’, Asian Journal of Social Science, 43(6), pp. 760–785. doi:
10.1163/15685314-04306006.
61. Schad, I. et al. (2013) ‘Why do people not learn from flood disasters? Evidence from Vietnam’s northwestern mountains’,
Quarterly Journal of International Agriculture, 52(1), pp. 1–25. doi: 10.1007/s11069-011-9992-4.
62. Scussolini, P. et al. (2017) ‘Adaptation to Sea Level Rise: A Multidisciplinary Analysis for Ho Chi Minh City, Vietnam’, Water
Resources Research, 53(12), pp. 10841–10857. doi: 10.1002/2017WR021344.
63. Shrestha, B. B. et al. (2019) Assessing flood disaster impacts in agriculture under climate change in the river basins of Southeast Asia,
Natural Hazards. Springer Netherlands. doi: 10.1007/s11069-019-03632-1.
64. van Staveren, M. F., van Tatenhove, J. P. M. and Warner, J. F. (2018) ‘The tenth dragon: controlled seasonal flooding in long-term
policy plans for the Vietnamese Mekong delta’, Journal of Environmental Policy and Planning. Taylor & Francis, 20(3), pp. 267–
281. doi: 10.1080/1523908X.2017.1348287.
65. Storch, H. and Downes, N. K. (2011) ‘A scenario-based approach to assess Ho Chi Minh City’s urban development strategies
against the impact of climate change’, Cities. Elsevier Ltd, 28(6), pp. 517–526. doi: 10.1016/j.cities.2011.07.002.
(Continues)
NGUYEN ET AL. 23 of 24
No. Reviewed paper
66. Thanh, H. Van et al. (2019) ‘A robust early warning system for preventing flash floods in mountainous area in Vietnam’, ISPRS
International Journal of Geo-Information, 8(5). doi: 10.3390/ijgi8050228.
67. Thao, N. T. P. et al. (2018) ‘A novel hybrid swarm optimized multilayer neural network for spatial prediction of flash floods in
tropical areas using sentinel-1 SAR imagery and geospatial data’, Sensors (Switzerland), 18(11). doi: 10.3390/s18113704.
68. Tien, B. D., Thao, N. T. P., et al. (2019) ‘A novel hybrid approach based on a swarm intelligence optimized extreme learning
machine for flash flood susceptibility mapping’, Catena. Elsevier, 179(April), pp. 184–196. doi: 10.1016/j.catena.2019.04.009.
69. Tien, B. D., Tsangaratos, P., et al. (2019) ‘Flash flood susceptibility modeling using an optimized fuzzy rule based feature selection
technique and tree based ensemble methods’, Science of the Total Environment. Elsevier B.V., 668, pp. 1038–1054. doi: 10.1016/
j.scitotenv.2019.02.422.
70. Tien Bui, D. et al. (2016) ‘Hybrid artificial intelligence approach based on neural fuzzy inference model and metaheuristic
optimization for flood susceptibilitgy modeling in a high-frequency tropical cyclone area using GIS’, Journal of Hydrology.
Elsevier B.V., 540, pp. 317–330. doi: 10.1016/j.jhydrol.2016.06.027.
71. Tien Bui, D. et al. (2019) ‘A new intelligence approach based on GIS-based Multivariate Adaptive Regression Splines and
metaheuristic optimization for predicting flash flood susceptible areas at high-frequency tropical typhoon area’, Journal of
Hydrology. Elsevier, 575(April), pp. 314–326. doi: 10.1016/j.jhydrol.2019.05.046.
72. Tien Bui, D. and Hoang, N. D. (2017) ‘A Bayesian framework based on a Gaussian mixture model and radial-basis-function
Fisher discriminant analysis (BayGmmKda V1.1) for spatial prediction of floods’, Geoscientific Model Development, 10(9), pp.
3391–3409. doi: 10.5194/gmd-10-3391-2017.
73. Tran, D. D. et al. (2018) ‘Stakeholders’ assessment of dike-protected and flood-based alternatives from a sustainable livelihood
perspective in An Giang Province, Mekong Delta, Vietnam’, Agricultural Water Management. Elsevier, 206(March), pp. 187–
199. doi: 10.1016/j.agwat.2018.04.039.
74. Triet, N. V. K. et al. (2018) ‘Towards risk-based flood management in highly productive paddy rice cultivation-concept
development and application to the Mekong Delta’, Natural Hazards and Earth System Sciences, 18(11), pp. 2859–2876. doi:
10.5194/nhess-18-2859-2018.
Tu, T. T. and Nitivattananon, V. (2011) ‘Adaptation to flood risks in Ho Chi Minh City, Vietnam’, International Journal of
Climate Change Strategies and Management, 3(1), pp. 61–73. doi: 10.1108/17568691111107943.
75. Tu, V. T. and Ranzi, R. (2017) ‘Flood risk assessment and coping capacity of floods in central Vietnam’, Journal of Hydro-
Environment Research, 14, pp. 44–60. doi: 10.1016/j.jher.2016.06.001.
76. Vo, N. D. et al. (2016) ‘A deterministic hydrological approach to estimate climate change impact on river flow: Vu Gia-Thu Bon
catchment, Vietnam’, Journal of Hydro-Environment Research, 11, pp. 59–74. doi: 10.1016/j.jher.2015.11.001.
77. Vu, T. T., Thy, P. T. M. and Nguyen, L. Đ. (2018) ‘Multiscale remote sensing of urbanization in Ho Chi Minh city, Vietnam - A
focused study of the south’, Applied Geography, 92(June 2016), pp. 168–181. doi: 10.1016/j.apgeog.2017.12.026.
24 of 24 NGUYEN ET AL.
